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Abstract
The atomic structures, electronic band structures and magnetic properties of monolayer FeSe
and FeSe0.5Te0.5 of different configurations have been systematically investigated via first-principles
calculations with the inclusion of spin-orbit coupling (SOC). Three different antiferromagnetic
(AFM) orders, including checkerboard order, collinear order and pair-checkerboard order, as well
as paramagnetic state have been explored. In monolayer FeSe, collinear AFM order is found
to be the most stable order, in accordance with previous investigations. Substituting half Se
atoms with Te atoms, the pair-checkerboard AFM order is the ground-state magnetic order in
FeSe0.5Te0.5. Both AFM-ordered FeSe and FeSe0.5Te0.5 have Dirac-cone-like band structures. SOC
has a great influence on the band structures at the Dirac cone. The direction of the magnetic
moments (in-plane or out-of-plane) directly determines whether the Dirac cone could be opened by
SOC, and the gap values also relate to the specific magnetic structure. Although SOC is stronger
in FeSe0.5Te0.5, the SOC-induced band gaps are either only slightly enlarged or even much shrunk
compared with those gaps in FeSe. Due to the symmetry breaking brought by Te-substitution,
the band structures of FeSe0.5Te0.5 have a new feature of combined Rashba-Dresselhaus splitting.
Our results have provided a comprehensive study on the magnetic property of FeSe0.5Te0.5, which
may help to understand the relation between magnetism and the superconductivity in the high-TC
monolayer superconductor.
PACS numbers: 73.20.At, 74.20.Pq, 74.25.Ha, 61.72.U-
∗ zhang ping@iapcm.ac.cn
0
ar
X
iv
:1
61
1.
06
63
6v
1 
 [c
on
d-
ma
t.m
es
-h
all
]  
21
 N
ov
 20
16
I. INTRODUCTION
Recently, monolayer FeSe grown on SrTiO3 substrate has attracted a lot of attention
for its high-TC superconductivity, which has not been found in bulk FeSe in spite of similar
structures [1–3]. Some researches demonstrate that the different superconductive behaviours
of monolayer FeSe and bulk FeSe are due to the influence of the SrTiO3 substrate and the
interface between FeSe and SrTiO3 [4–7], while the mysterious antiferromagnetic (AFM)
structures of FeSe also paly a major role. Therefore, theoretical studies on the magnetic
property of FeSe have been intensively carried out, and a variety of AFM orders, includ-
ing checkerboard (CB) AFM [8], collinear (COL) AFM [9] and pair-checkerboard (PCB)
AFM orders [10], have been investigated. A novel nematic AFM phase is also proposed
theoretically [11]. However, the magnetic measurements such as neutron scattering [12] and
superconducting quantum interference device (SQUID) [13], can only detect the magnetic
signal of bulk FeSe rather than the FeSe monolayer. In monolayer FeSe, only the electronic
structure can be obtained via, for example, the angle resolved photoemission spectroscopy
(ARPES) and scanning tunnelling spectroscopy [7, 14, 15]. The comparison between ex-
perimental and theoretical achievements are confusing. On one hand, the band structures
of CB-AFM and PCB-AFM ordered FeSe resemble the results from the ARPES experi-
ments [8, 10, 16, 17]. On the other hand, COL-AFM order is the ground-state AFM order
from first-principles calculations [9]. These controversial results suggest that the magnetic
structure of monolayer FeSe is intriguing, and still needs to be further confirmed.
In bulk FeSe, the Te substitution for Se atoms can enhance the critical temperature from
9 K [18] to more than 14 K [19, 20]. Therefore, it is natural to expect that the monolayer
FeSe1−xTex also has high-TC superconductivity. Indeed, some experiments have demon-
strated the high-TC superconductive behaviour in FeSe1−xTex and the critical temperature is
found to be dominated by grown conditions and in-plane strain [21]. Moreover, FeSe1−xTex,
as well as FeSe, is a topological insulator [22]. The topological character combined with
AFM structures and superconductivity could give rise to a rich variety of novel physical
phenomena. But a systematical analysis of the magnetic properties and band structures of
FeSe1−xTex in theory is still lacked. Bearing this in mind, we aim at providing a compre-
hensive study on the electronic property of FeSe1−xTex with different magnetic orders.
In this paper, we calculate the electronic band structures of monolayer FeSe and typical
1
Te-substituted monolayer FeSe0.5Te0.5 with different magnetic orders using first-principles
tools, and search the magnetic ground state for both monolayer FeSe and FeSe0.5Te0.5. The
direction of the magnetic moments can make a big difference on the band structures due
to the spin-orbit interaction. Besides, since Te-substitution breaks the space symmetry to
some extent, the band structures of FeSe0.5Te0.5 have a novel Rashba-Dresselhaus splitting.
But the band gaps are either only slightly enlarged (with PCB order) or even much shrunk
(with COL order) in FeSe0.5Te0.5 compared with those in FeSe.
This paper is organized as follows. First we describe the calculational details and ge-
ometries of different structures. Then we present our results for pristine monolayer FeSe,
followed by our main results in FeSe0.5Te0.5. At last, there is a summary.
II. METHODOLOGY
We have performed spin-polarized first-principles calculations on the total energy, mag-
netic and electronic structures of FeSe and FeSe0.5Te0.5 with the project augmented wave
method [23, 24] as implemented in the VASP code [25]. Plane waves less than 400 eV
were used to expand the wave functions. For the exchange-correlation potential, we have
adopted the generalized gradient approximation (GGA) of Perdew-Burke-Ernzerhof (PBE)
type [26]. The spin-orbit coupling (SOC) effect was included all through the calculations;
meanwhile we have also performed normal calculations without SOC for comparison. Since
SOC distinguishes the direction of the electron spins, the magnetic moments can thus rotate
three-dimensionally. In view of this, both situations in which the magnetic moments are
parallel to the monolayer (in-plane) and perpendicular to the monolayer (out-of-plane) were
considered. The structural optimization has employed the conjugate gradient algorithm [27]
and the residual forces on all relaxed atoms were smaller than 0.01 eV/A˚. The monolayer
FeSe and FeSe0.5Te0.5 were both stacked with a vacuum layer of 20 A˚ thick to eliminate the
coupling between periodic monolayers. During the structural relaxation, the lattice param-
eters were fixed at a = b = 3.9015 A˚ to mimic the confinements of SrTiO3 substrate. In the
simplest AFM ordered FeSe, i.e. FeSe with the CB order, the magnetic unit cell is
√
2×√2
of the original non-magnetic unit cell and contains 4 atoms. For FeSe with COL and PCB
orders, the magnetic unit cells are 2× 2× 1 of the original unit cell containing 8 atoms and
2 × 4 × 1 enlarged cell containing 16 atoms, respectively, as shown in Fig. 1. Accordingly,
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FIG. 1: (Color online) (a) The structure of a FeSe monolayer in top view and side view. Three
calculated AFM orders: (b) checkerboard AFM, (c) collinear AFM and (d) pair-checkerboard
AFM. The light-blue arrows represent the magnetic moment of the Fe atom and the black lines
show the boundaries of the magnetic unit cells in our calculations.
the k-grids for CB-, COL- and PCB-AFM phases are 9 × 9 × 1, 7 × 7 × 1 and 9 × 5 × 1
in a Monkhorst-Pack grids, respectively. Besides, a paramagnetic (PM) monolayer is also
investigated with the same unit cell as CB ordered monolayer for reference.
For Te substitution, considering that Fe ions with antiparallel magnetic moments are not
3
FIG. 2: (Color online) Different FeSe0.5Te0.5 configurations in (a) paramagnetic (PM) state and
CB-AFM order, (c) COL-AFM order and (d) PCB-AFM order. The distance between the Se
(Te) atom and the Fe-plane is denoted as dFe−Se (dFe−Se) as shown in (b). The Te-substituted
configurations in the left panel, middle panel and right panel of (c), are denoted as Struc.1, Struc.2
and Struc.3 for the COL ordered system. The same goes to (d).
equivalent, there could be more than one configurations as shown in Fig. 2. Paramagnetic
FeSe0.5Te0.5 and CB-AFM FeSe0.5Te0.5 each have only one configuration, in which all Se
atoms are on top of the Fe-layer and all Te atoms are below the Fe-layer, or the other
way around, as shown in Fig. 2(a). For FeSe0.5Te0.5 with COL and PCB orders, besides
the configuration mentioned above as shown in the leftmost panel of Fig. 2(c,d), Te atoms
can both take the top-layer and bottom-layer positions simultaneously. Since Fe ions with
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magnetic moments in different directions are not equivalent, the substituted Te atoms can
align along a-axis or b-axis. Therefore, with COL order or PCB order, there are 3 types
of Te-substituted FeSe0.5Te0.5 configurations which for the later convenience are denoted as
Struc.1, Struc.2 and Struc.3.
III. RESULTS
A. Properties of Pure FeSe
For the monolayer FeSe, the lattice constant is fixed at the calculated lattice parameter
of SrTiO3, which is a = b = 3.9015 A˚. The total energies for monolayer FeSe with different
magnetic orders are listed in Tab.I, which clearly shows that FeSe with COL-AFM order
is more stable than other calculated magnetic states, in accordance with previous first-
principles calculations. Including the SOC effect, the total energies for all the magnetic
states are lowered by around 60 meV and FeSe with COL-AFM order still being the most
stable one. In the AFM ordered monolayer FeSe, the energy difference between FeSe with
in-plane magnetization and out-plane magnetization is no more than 1 meV, as presented
in the last two columns of Tab.I, revealing that the magnetic anisotropy energy should be
quite small. However, the magnetization still tends to be parallel to the Fe-plane rather than
perpendicular to it, by a tiny energy difference varying from 0.4 meV to 1 meV depending
on the particular AFM order.
Next, the band structures of monolayer FeSe with different magnetic orders are demon-
TABLE I: The total energies of monolayer FeSe with different magnetic orders. (The energies are
in units of eV averaged on per FeSe formula cell)
Magnetic No SOC Including SOC
Order In-plane Out-of-plane
PM -24.5082 -24.5601 -24.5601
CB AFM -24.7089 -24.7611 -24.7601
COL AFM -24.8282 -24.8798 -24.8791
PCB AFM -24.8156 -24.8669 -24.8665
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strated in Fig. 3. Note that the unit cells of different magnetic states are not the same, so
the first Brillouin zones and k points are different. For instance, the M point of FeSe unit
cell in PCB-AFM state is the middle point on the X’-M path of the unit cell with COL-AFM
order.
For the paramagnetic monolayer FeSe, there is an electron-like Fermi pocket at M point.
Apparently, SOC destroys the degeneracy of the bands at Γ and M to a certain extent.
As is well known, the magnetic order plays an important role in the character of the band
structures. In monolayer FeSe with CB-AFM order, the band structure changes a lot with
a flat band crossing the Fermi level. The degeneracy is also removed by SOC at Γ as in
paramagnetic FeSe. But now the direction of the magnetization alters the properties around
M point. The normal calculation and calculation with SOC effect and in-plane magnetization
result in the contact between the flat band and the electron pocket at M point, while SOC
with the out-of-plane magnetic moment opens a band gap of 12.8 meV at M, as shown in
Fig. 3(c-e). This result is in agreement with Ref.15, according to which the on-site energy
of dz2 orbital is different with that of dxz/dyz orbital due to the crystal field effect and the
gap at the M point is opened by an on-site coupling between the dxz and dyz orbitals of the
Fe atoms. Although the band structures can be such different, the magnetic anisotropy is
not significant since the energy difference of CB-AFM states with in-plane and out-of-plane
magnetization is only 1 meV as mentioned in the last section.
As to the band structures of the COL-AFM state, a notable feature is the Dirac cone
emerging in the midst of the ∆ line. However, unlike the situations of PM and CB-AFM
states, SOC only changes the band structures limitedly. Comparing Fig. 3(f) with Fig. 3(g,
h), there are two major distinct places. The degeneracy along the Y line is lifted by out-
of-plane magnetization as shown Fig. 3(h), while the in-plane magnetization opens a gap of
8.4 meV at the Dirac cone as manifested in Fig. 3(g).
At last, the band structures of PCB-AFM are shown in Fig. 3(i-k). Our results are highly
accordant with those from Cao et.al [10], yielding an exotic Dirac-cone-like feature. Under
the effect of SOC with out-of-plane magnetization, monolayer FeSe becomes insulating with a
band gap of 26.1 meV. This phenomenon is explained in a way that dxz and dyz orbitals which
originally belong to different symmetry groups can now be mixed by SOC [10]. However,
when the magnetization is parallel to the Fe-plane, there is no such gap-opening, just like
the case of CB-AFM state. In the light of the explanation for gap-opening mechanism in
6
FIG. 3: (Color online) Band structures for monolayer FeSe with (a-b) paramagnetic order, (c-e)
checkerboard AFM order, (f-h) collinear AFM order and (i-k) pair-checkerboard AFM order. The
band structures in black lines [(a), (c), (f), (i)] are calculated not including spin-orbit coupling,
and the band structures from two spin channels are exactly the same. Those bands plot in blue
and pink lines are calculated including SOC effect with in-plane [(d), (g), (j)] and out-of-plane [(e),
(h), (k)] magnetizations respectively. For paramagnetic FeSe, the direction of magnetization does
not make any difference on the band structure at all, as in (b).
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the system with out-of-plane magnetization, what happened with in-plane magnetization
can be explained. The difference between dxz and dyz orbitals are maintained; in other
words, dxz and dyz still belong to different symmetry groups in the existence of the in-plane
magnetic moment. Therefore, SOC cannot open a gap and the band structure is still metallic
possessing the Dirac-cone-like feature. In contrast, the in-plane magnetization, rather than
the out-of-plane magnetization, can lift the degeneracy along X-M-X’ direction, indicating
that the in-plane magnetization can give rise to other kind of symmetry breaking.
B. Properties of FeSe0.5Te0.5
1. Total Energy
Before we turn to the electronic structures of monolayer FeSe0.5Te0.5, we will first discuss
the calculated total energies for FeSe0.5Te0.5 with different magnetic orders as in pure FeSe.
Those energies are listed in Tab.II. Note that for COL order and PCB order, there are
three substitutional structures and thus Tab.II has more rows than Tab.I. The spin-orbit
interaction is doubled in FeSe0.5Te0.5 than in FeSe. When SOC is included, total energy
can be lowered by about 120 meV in FeSe0.5Te0.5, while the energy lowering is only 60 meV
in pure FeSe. This is easy to understand because a Te atom is much heavier than a Se
atom, which necessarily leads to a stronger spin-orbit interaction. However, the magnetic
anisotropy energy has not changed from that of pristine FeSe, that is, the energy difference
between structures with in-plane magnetization and out-of-plane magnetization is still as
small as 0.1 to 0.2 meV.
For COL-AFM and PCB-AFM FeSe0.5Te0.5, three kinds of substitutional configurations
are not equivalent in energy. The first type of configuration, Struc.1, in which all the Se
atoms are on top of the Fe-plane while all the Te atoms are on the bottom, is the most
unstable configuration for both COL state and PCB state. But the energies of Struc.2 and
Struc.3 with COL-AFM order are quite close with a difference of less than 1 meV. Yet this
is not the case in PCB-AFM state, where the energy difference between Struc.2 and Struc.3
is much larger than that between Struc.1 and Struc.3. In other words, the Struc.2 is far
more stable than the other two substitutional structures in PCB-AFM ordered FeSe0.5Te0.5.
This discrepancy is probably due to the different symmetries of the magnetic unit cell of
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COL-AFM and PCB-AFM states.
2. Structure and Bond length
The change of atomic structures after Te-substitution is explored in terms of the average
distance between Te/Se atoms and Fe-plane (i.e. dFe−Se and dFe−Te), as shown in Tab. III.
The influence of SOC on the atomic structure is quite tiny, as including SOC the relaxed
dFe−Se/dFe−Te changes by less than 0.002 A˚. Therefore, we only need to focus on dFe−Se and
dFe−Te resulted from calculations without SOC.
As shown in Tab.III, no matter in pure FeSe or in FeSe0.5Te0.5, the paramagnetic state has
the shortest dFe−Se. With different AFM orders, the distance becomes further compared to
the PM state owing to the magnetic interaction. Among the three AFM orders, the length
of dFe−Se is the least in CB-AFM order and the largest in PCB-AFM order. Generally,
Te-substitution could shorten dFe−Se. But in Struc.2 and Struc.3 with COL-AFM order or
PCB-AFM order, which happen to be two more stable substitutional structures with the
certain magnetic order, dFe−Se slightly increases. As to the distance between Te atoms and
Fe-plane, it is natural that Te atoms tend to move farther from Fe-plane than Se atoms since
TABLE II: The total energies of monolayer FeSe0.5Te0.5 of different configurations with different
magnetic orders from calculations with and without SOC effect. The energies are in units of eV
averaged for per FeSe0.5Te0.5 formula cell.
Magnetic No SOC Including SOC
Order In-plane Out-of-plane
PM -23.6945 -23.8237 -23.8237
CB-AFM -23.8973 -24.0284 -24.0279
COL-AFM
Struc. 1 -23.9846 -24.1155 -24.1139
Struc. 2 -23.9890 -24.1203 -24.1190
Struc. 3 -23.9881 -24.1198 -24.1182
PCB-AFM
Struc. 1 -23.9977 -24.1280 -24.1279
Struc. 2 -24.0218 -24.1522 -24.1521
Struc. 3 -24.0024 -24.1331 -24.1332
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Te atom has a larger ionic radius. Therefore, dFe−Te is longer than dFe−Se by almost 0.3 A˚
in FeSe0.5Te0.5. Monolayer FeSe0.5Te0.5 with COL-AFM order and PCB-AFM order have an
interesting feature in common. dFe−Te in Struc.2 is shorter than those in Struc.3 and Struc.1,
meanwhile, dFe−Se of Struc.2 is the longest among Struc.1 to Struc.3. These facts render
the least difference between dFe−Se and dFe−Te in Struc.2 among the three substitutional
configurations. Considering that Struc.2 is also the most stable FeSe0.5Te0.5 configuration
seen from Tab.II, it seems that the longer (shorter) the dFe−Se (dFe−Te), the more stable the
Te-substitutional configuration. From another respect, the difference between dFe−Se and
dFe−Te should be as small as possible to stabilize the substitutional structure.
3. Band Structure
Next, we come to the electronic band structures of FeSe0.5Te0.5. Figure 4 shows the band
structures of paramagnetic FeSe0.5Te0.5, which resemble those of pure paramagnetic FeSe
TABLE III: The average distance between Se (Te) atoms and Fe-plane, denoted as dFe−Se (dFe−Te),
in both FeSe and FeSe0.5Te0.5 with different magnetic orders. Units: A˚
Magnetic
Structures
No SOC Including SOC
Order dFe−Se dFe−Te dFe−Se dFe−Te
PM
FeSe 1.274 1.274
FeSe0.5Te0.5 1.236 1.544 1.237 1.546
CB-AFM
FeSe 1.372 1.373
FeSe0.5Te0.5 1.363 1.650 1.365 1.653
COL-AFM
FeSe 1.383 1.384
FeSe0.5Te0.5
Struc.1 1.375 1.658 1.377 1.662
Struc.2 1.390 1.651 1.390 1.658
Struc.3 1.387 1.653 1.387 1.664
PCB-AFM
FeSe 1.395 1.396
FeSe0.5Te0.5
Struc.1 1.387 1.667 1.387 1.668
Struc.2 1.401 1.652 1.402 1.654
Struc.3 1.397 1.663 1.397 1.665
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FIG. 4: (Color online) Band structures for paramagnetic FeSe0.5Te0.5 calculated (a) with no SOC
and (b) including SOC.
except that some degeneracy has been lifted. Especially at M point, the band-splitting
is conspicuous, as demonstrated in Fig. 4(a). The valence bands in pure paramagnetic
FeSe at M only have one maximum; in contrast, in FeSe0.5Te0.5 the valence bands have a
maximum on each side of the M point, i.e. along M-X path and M-X’ path the valence
bands have symmetrical maximal points. Besides, above the valence band maximum at M,
the conduction bands also have an energy-splitting in FeSe0.5Te0.5. The different characters
of bands near the M point is undoubtedly a consequence of the Te-substitution. For a certain
Fe atom, M-X direction and M-X’ direction are not equivalent, since a Se atom lies on one
path above Fe-plane while a Te atom lies on the other path below Fe-plane. Including SOC,
the degeneracy is further lifted in the whole spectra, since SOC impacts FeSe0.5Te0.5 more
than FeSe because a Te atom is much heavier than a Se atom, as mentioned before.
Before moving to the AFM ordered FeSe0.5Te0.5, we recall that in pristine FeSe the two
11
FIG. 5: (Color online) Band structures for FeSe0.5Te0.5 in CB-AFM order. (a) and (b) are band
structures composed of electrons from different spin channels calculated without SOC. (c) and
(d) are calculated including SOC with in-plane magnetization and out-of-plane magnetization,
respectively.
spin channels have identical band structures. But in FeSe0.5Te0.5 with CB-AFM order, things
are different. As shown in Fig. 5(a) and (b), in each spin channel, there is a flat band below
the Fermi level forming a Dirac cone which slightly deviates from M point. However, the
Dirac cones are on the different sides of the M point: it is on the M-X path for one spin
channel while on the M-X’ path for another spin channel. These results can be explained in a
similar way as comprehending the feature of the band structure of paramagnetic FeSe0.5Te0.5.
There are two Fe ions which have opposite magnetizations in a unit cell, meaning that one Fe
ion has more spin-up electrons and the other has more spin-down electrons. Starting from
the M point, we assume that the on-top Se atoms are at the X direction of a Fe atom with
more spin-up electrons. Accordingly, at the X direction of a Fe atom with more spin-down
electrons lie the bottom Te atoms. As a result, for different spin channels, bands along M-X
path will be different. Nevertheless, the on-top Se atoms are at the X’ direction of the Fe
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atom with downward magnetization. Thus the M-X path for spin-up electrons should be
similar to the M-X’ path for spin-down electrons. But SOC diminishes the above asymmetry
along X-M-X’ path since the contributions from different spin channels have been added up.
The flat band is split and there are gap-opening phenomena at the Dirac cones for both
in-plane and out-of-plane magnetizations. Moreover, for the in-plane magnetization, the
valence bands at Γ point are pushed up to contact the Fermi level. Therefore, SOC with
in-plane magnetization has altered the band structures more remarkably than SOC with
out-of-plane magnetization.
The band structures of FeSe0.5Te0.5 with COL-AFM order are presented in Fig. 6. Com-
pared with Fig. 3(f-h), Te-substitution has not brought any essential changes. Especially
for band structures calculated without SOC, the three substitutional structures possess very
similar band structures in which the Dirac cone emerges in the middle of Γ-X’ path. As in
pure FeSe with COL-AFM order, including SOC effect with in-plane magnetization can open
a band gap at the Dirac cone, but SOC together with out-of-plane magnetization cannot
open any gap in COL-AFM FeSe0.5Te0.5, as demonstrated in Fig. 6(d-i). However, the band
gaps in FeSe0.5Te0.5 with COL-AFM (5.4 meV and 5.8 meV) order are smaller than the band
gap in pure FeSe (8.3 meV). In fact, the SOC effect leads to various results in Struc.1 to
Struc. 3. For example, the bands of Struc.2 at the Dirac cone have been merely pulled open
at the Fermi level without any splitting. But a Rashba-Dresselhuas splitting is observed at
the same position in band structures of Struc.1 and Struc.3. Particularly, in Struc.1 the
splitting is so strong that the gap is actually closed again. As to the magnetization normal
to Fe-plane, the degeneracy of bands are different in the three configurations, but the Dirac
cones are all preserved.
Finally, the band structures of FeSe0.5Te0.5 with PCB-AFM order are demonstrated. Not
including SOC, the band structures of FeSe0.5Te0.5 are similar to those of FeSe except for the
valence bands at Γ point. But these diversifications are not of major importance since they
occur deep below the Fermi level. On the other hand, including SOC, the band structures
manifest an insulating gap at the Dirac cone in all three substitutional structures no matter
whether the magnetization is in-plane or out-of-plane, as shown in Fig. 7(d-i). When the
magnetic moments are in-plane, the band gap in Struc.2 is the largest, which is 7.1 meV.
In both Struc.1 and Struc.3, there are Rashba-Dresshaus splittings which lead to band gaps
of 4.6 meV and 2.7 meV, respectively. If the magnetization is normal to the Fe-plane, the
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FIG. 6: (Color online) Band structures for FeSe0.5Te0.5 of different configurations with COL-AFM
order, where (a,d,g) are band structures of Struc.1, (b,e,h) are of Struc.2 and (c,f,i) are of Struc.3.
Panels (a-c) are band structures calculated without SOC. Since band structures of spin-up electrons
and spin-down electrons are exactly the same, we only plot band structures for one spin channel.
The bands plot in blue [panels (d-f)] and pink [panels (g-i)] are calculated including SOC with in-
plane magnetization and out-of-plane magnetization, respectively. To better show the gap-opening
behaviors at Dirac cones, the specific region are magnified with the gap values marked aside the
gap in (d-e).
band gaps are larger than the gap in pure PCB-AFM FeSe by several meV. Comparing
Fig. 7(d-f) with Fig. 7(g-i), one will find that SOC with out-of-plane magnetization can
open band gaps which are an order of magnitude larger than the gaps opened by SOC with
in-plane magnetization. However, except for the values of the band gap, the direction of the
14
FIG. 7: (Color online) Band structures for different configurations of FeSe0.5Te0.5 with PCB-AFM
order, where (a,d,g) are for Struc.1, (b,e,h) are for Struc.2 and (c,f,i) are for Struc.3. Panels (a-c)
are band structures calculated without SOC and the bands of spin-up and spin-down electrons are
totally the same. The bands plotted in blue [panels (d-f)] and pink [panels (g-i)] are calculated
including SOC with in-plane magnetization and out-of-plane magnetiztion respectively. The gap-
opening and gap values at Dirac cones are magnified and denoted in (d-i).
magnetization cannot influence other part of the band structures much. In summary, with
the PCB-AFM order and out-of-plane magnetization, SOC effect can open sizeable band
gaps in FeSe0.5Te0.5.
15
IV. CONCLUSION
We have investigated the total energy, atomic structures and electronic band structures
of monolayer FeSe0.5Te0.5 as well as monolayer FeSe with paramagnetic state and different
antiferromagnetic orders using first-principles calculations. The collinear (COL) AFM order
is found to be the magnetic ground state for pure FeSe monolayer. For the Te-substituted
configurations, i.e. FeSe0.5Te0.5, the pair-checkerboard (PCB) AFM order is always the most
stable magnetic state. The band structures of AFM ordered FeSe and FeSe0.5Te0.5 all have
Dirac-cone-like features. Including spin-orbit coupling, the Dirac cones could be opened or
could not, determined by the direction of the magnetic moments (in-plane or out-of-plane).
It is clear that SOC effect is stronger in FeSe0.5Te0.5 since Te atoms are heavier than Se
atoms. Besides, because of the symmetry breaking brought by Te-substitution, the band
structures have new characters of Rashba-Dresselhaus splitting in FeSe0.5Te0.5 with COL-
AFM and PCB-AFM orders. But the band gaps of FeSe0.5Te0.5 are not enlarged much
compared to FeSe, which is in accordance with experiments where the superconductor gap
and TC are not enhanced in FeSeTe.
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